2018). However, the excessive fatty tissue deposition is one of the critical subjects confronted in avian species. Therefore, decreasing body fat deposition and increasing intramuscular fat are main breeding projects in modern poultry industry because consumers change the concept of consumption (Wang et al. 2017) . But the genetic control of lipid metabolism in poultry is still unclear, and resulting in slow progress for reducing body fatty (Ye et al. 2016) . The combination of modern molecular biology methods and traditional breeding technologies is the essence of improving breeding efficiency in the future.
Cholesterol 7α-hydroxylase (CYP7A1), which is an important rate-limiting enzyme in bile acid synthetic pathway in human and animal liver and therefore plays a crucial function in maintaining cholesterol homeostasis . The promoter of CYP7A1 gene includes deeply conservative bile acid responsive regions known to be regulated by feedback repression by different transcription factors in reaction to rising the concentration of hepatic bile acid (Chiang 2009 ). In human, the negative feedback mechanism of CYP7A1 regulation is the small heterodimer partner and farnesoid X receptor regulatory cascade (Lin 2015) . For example, a bile acid chenodeoxycholic acid activates farnesoid X receptor to increase transcription of small heterodimer partner, and inhabits CYP7A1 activation by repression of transcription factors, hepatocyte nuclear factor 4α and liver receptor homolog-1, which are indispensable for CYP7A1 transcription (Al-Aqil et al. 2018) . In addition, the negative feedback mechanism on CYP7A1 is discovered in human/rodent intestine, where activation of farnesoid X receptor induces a hormonal signaling molecule fibroblast growth factor 15/19 that suppresses CYP7A1 via interaction with the liver fibroblast growth factor receptor 4 through the c-Jun signaling pathway (Memon et al. 2018) . Liver X receptor α (LXRα), an oxysterol-binding transcription factor, which regulate the transcription level of CYP7A1 . CYP7A1 was downregulated with lithogenic time progressed, while CYP7A1 mRNA was increased 3-fold under the treatment of Yinchenhao Decoction, and revealed that CYP7A1 mRNA may be efficient targets of Yinchenhao Decoction, which may be a preventive medicine against cholesterol gallstone formation (Meng et al. 2018 (Chow et al. 2014) . In neonatal piglets, formula feeding resulted in fecal bile acid loss and increased CYP7A1 protein expression, which is associated with decreased effectivity in inhibiting CYP7A1 expression via SHE and FGF 19 transcriptional repression mechanisms (Mercer et al. 2018) . The latest research showed that some miRNAs like miR-17, miR-34a, miR-122, are the regulator of CYP7A1 signaling in hepatic lipid metabolism, suggesting a possible improvement pathway for lipid deposition (Gong et al. 2018; Cui et al. 2018; Zinkhan et al. 2018 ) .
Based on previous evidence, CYP7A1 plays a notable role in human and animal lipid metabolism, and is an important candidate gene. 
MATERIALS AND METHODS

Experimental Animals
A total of 205 females of Cherry Valley ducks which is an introduced duck variety were used in present study. All of individuals were hatched on the same day, and raised in a semi-open house and fed commercial corn-soybean diets based on the NRC requirements and subjected to same management conditions in poultry research institute of Guizhou University, Guiyang, Guizhou, P.R.China. All of ducks were euthanized that the specific implementation plan was taken all experimental ducks placed in an operating room filled with a mixture of 90% argon and 10% nitrogen at 70 days of age, and then the ducks were quickly bled, and collected blood samples and dissected after they were unconscious. 
Meat Quality Measurement
Chest muscle samples were rapidly collected and stored at -20°C. Intramuscular fat (IMF) content of chest muscles and percentage of abdominal fat (AFP) of 205 females of Cherry Valley ducks was measured using the Soxhlet extraction method and slaughter segmentation method (Lin et al. 2018) , respectively.
Serum was isolated at 3,500 rpm, 4°C for 10 min from blood that was held at room temperature for 1 h, and then stored at -30°C. The contents of triglycerides (TG) and total cholesterol (TCH) in serum were detected using qualified laboratory methods (He et al. 2018) .
Genomic DNA Extraction
Genomic DNA was extracted from whole blood samples according to the manufacturer's instructions of QIAamp DSP DNA Blood Mini Kit (Shanghai Labpal Co. Ltd., China). The quantity and quality of genomic DNA was measured by ND-8000 spectrophotometer (Thermo Fisher Scientific) and 1% agarose gel electrophoresis respectively, and stored at -20℃.
Primer Design and Polymerase Chain Reaction Conditions
Four pairs of primers were designed using Primer 3 Input (version 0. preliminary denaturation denaturation at 94℃ for 8 min, followed by 35 cycles of denaturing at 94℃ for 40 s, annealing at for 45 s at the optimum primer annealing temperature, elongation for 45 s at 72℃, and a final extension for 10 min at 72℃.
PCR products were stored at 4℃.
Gene Polymorphism Analysis
A 5µL of each PCR product was detected by 1.5% agarose gel electrophoresis, visualized with gold view staining, and quantified using Invitrogen®E-Gel Imager (Sharma et al. 2018; Ardlie et al. 2002; Slatkin 2008) , there were no strong linkage disequilibrium between g.1033130C>T, g.1034076 C>T, and Locus C3, respectively.
RESULTS
SNPs Identification of CYP7A1 Gene
The haplotypes and diplotypes of seven SNPs of CYP7A1 gene were conducted in Cherry Valley ducks, and showed in 
Associations between Identified SNPs and Four Lipid Traits
The results of the association analysis between each SNP of CYP7A1 gene and lipid traits in Cherry Valley ducks were shown in Table 5 
Associations between Diplotypes and Four Lipid Traits
The results of the association analysis between the diplotypes of haplotype combination and the lipid traits in Cherry Valley ducks were shown in (Hubacek and Bobkova 2006; Vlachova et al. 2016) . The combination of CYP7A1 rs3808607, DHCR7 rs760241 and ABCG5 rs6720173 is related with serum LDL-C concentrations to dairy consumption (Abdullah et al. 2018) . CYP7A rs 2081687 is strongly associated with serum concentrations of TCH and LDL in different cohort characteristics (Teslovich et al. 2010) . In avian species, however, little is known about the role of the polymorphisms of CYP7A1 gene except for the fact that it was involved in cholesterol catabolism and bile acid synthesis (Zhao et al. 2011; Sato et al. 2003; Chen et al. 2012) .
In our study, we identified the seven novel synonymous mutations loci of SREBPs are critical transcription regulators of multiple genes linked in lipid metabolism. SREBP-1a and SREBP-1c mainly facilitated fatty acid biosynthesis, while SREBP2 is considered to be essential for cholesterol uptake through LDL receptors and de novo cholesterol biosynthesis through mevalonate pathway (Song et al. 2015) . As sterol sensors, LXRs are responses to cellular sterol loading, forming obligate heterodimers with retinoid X receptors (RXRs) and triggering the expression of SREBP-1c and cholesterol efflux-related genes, and then induces triglyceride accumulation through fatty acid synthase (FAS) (Cai et al. 2016) . Meanwhile, cholesterol is one component of serum LDL, and is transported into liver through LDL receptor, and induces the expression of CYP7A1 and cholic acid biosynthesis (Saneyasu et al. 2013 ). CYP7A1 as a target gene of LXRs, its low-level expression causes cholesterol catabolism disorder and cholic acid synthesis reduction. Based on the above research results, CYP7A1 signaling has been mentioned to participate in lipid metabolism, and a variety of molecules including LXRα, SREBP-1c, FXR, FAS, 3-hydroxy-3-methylglutaryl coenzyme A reductase (HMGR), lecithin cholesterol acyltransferase (LCAT), and the scavenger receptor CD36 were involved, and then regulate the dynamic balance of serum TC and TG concentrations through fatty deposition (body fatty and IMF) and oxidative decomposition (Chiang 2003; van Solingen et al. 2018; Zhang et al. 2018) . Thus, different haplotypes may cause the differentiating expression of CYP7A1 lead to the differential expression of genes involved in lipid metabolism, and all of these genes together affect intramuscular fat (IMF) content of chest muscles, percentage of abdominal fat (AFP), serum triglycerides (TG) and total cholesterol (TCH) concentrations. Certainly, further work is necessary, such as the effects of each SNP and haplotypes/diplotypes on expression of CYP7A1 will be evaluated in different duck populations, and the effect of CYP7A1 gene expression on lipid metabolism-related genes should be confirmed in the future.
CONCLUSIONS
In our research, seven novel synonymous mutations loci in exon 2 and exon3 of CYP7A1 gene were identified in Cherry Valley ducks, and each SNP showed significant association with at least one of the four lipid traits tested. Six haplotypes were detected. Sixteen dipoltypes were found by the combination of haplotypes, and showed significant difference between different diplotypes for four lipid indexe, intramuscular fat (IMF) content of chest muscles, percentage of abdominal fat (AFP), serum triglycerides (TG) and total cholesterol (TCH) concentrations. Therefore, the seven SNPs of CYP7A1 were potential markers for lipid metabolism balance. These findings may be instructional for early breeding and selection of duck.
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